In this note, we study the maximum number N α (d) of a system of equiangular lines in R d with cosine α, where 1 α is not an odd positive integer. This note is motivated by a remark in a 2018 paper by Balla, Dräxler, Keevash and Sudakov.
Introduction
A system of lines through the origin in d-dimensional Euclidean space R d is called equiangular if the angle between any pair of lines is the same. Let N α (d) be the maximum number of a system of equiangular lines in R d with common angle arccos α. For more information on systems of equiangular lines, see [6] . In 2018, Balla, Dräxler, Keevash and Sudakov [1] conjectured that if α = In this note, we will consider N α (d) when 1 α is not an odd integer. We prove the following:
. Then there exists a sequence
First, we introduce Seidel matrix which is our main tool. All graphs are simple and undirected.
For undefined terminologies, we refer to [2, 4] .
Let G be a graph with n vertices. The adjacency matrix A(G) of G is an n × n matrix whose rows This leads to the following definition. The number R β (n) is defined as R β (n) := min{rk(S(G) + βI) | G is a graph on n vertices and S(G) has smallest eigenvalue at least −β}. We obtain the following lemma immediately from Proposition 2.1.
and R 3 (n) = 7 for 17 ≤ n ≤ 28 (see [6, Table 1] ).
Now we discuss some properties of R β (n). Since S(G) is a real symmetric matrix, it is diagonalizable and all its eigenvalues are totally real algebraic integers. This implies that if β > 1 is not a totally real algebraic integer, then R β (n) = n and N 1
Haemers observed that for a graph G of order n, we have det(−S(G)+xI) ≡ det(xI−J+I) (mod 2) (see [5] ). This shows that for example R √ 2 (n) = n and N 1 (6n ′ + 2) = 6n ′ + 3.
Next, we show the following lemma on Seidel matrices.
Lemma 2.4. Let G be a graph of order n with t connected components H
for all i, then S(G) has smallest eigenvalue −2ρ − 1 with multiplicity at least t − 1.
Proof . Let B(G) = S(G) − J. We can check that B(G) is the block diagonal matrix of the form
The matrix B(G) has smallest eigenvalue −2ρ − 1 with multiplicity t, so there are t − 1 linearly 
For the classification of the graphs with spectral radius less than 2 + √ 5, see [3] . Now, we will prove the following theorem. 
